Introduction
Dead trees infected with wood-rotting fungi compose habitats for a rich fauna of specialised insects (Hamilton 1978) . Many thrips species, half of the suborder Tubulifera, are associated with dead trees, their bark, dead branches or leaf litter (Palmer & Mound 1978 , Ananthakrishnan 1984 . These thrips feed on fungal spores, hyphae or breakdown products from early stages of fungal decay (Mound & Palmer 1983 , Ananthakrishnan 1984 and Hoplothrips species may be characteristic for some of the habitats (Ananthakrishnan 1984) . Schliephake and Klimt (1979) noted 11 species from Europe of which two have been synonymised (Vierbergen 2004) , while some 130 species are known for the genus world wide (Mound & Walker 1986) .
A fungus infected dead log provides support for numerous generations of Hoplothrips, but over evolutionary time changes in suitability of the habitat have probably selected for differently sized individuals and specialised patterns of breeding structure. Adults of both sexes of the fungivorous thrips can be wingless for several generations and will develop wings only in preparation for dispersal. Thrips species on fungus infected dead trees tend to live gregariously and mate within the habitat, and some of them have developed subsocial behaviour and strong sexual dimorphism (Mound 1974 , 1976 , Hamilton 1978 , Palmer & Mound 1978 . The appearance of oedymerous (major) and gynaecoid (minor) male forms reflects reproductive roles of the males (Hamilton 1978 , Crespi 1986 ). Mound (1974 Mound ( , 1976 Mound ( , 2005 and Hamilton (1978) suggested that the production of different morphs was controlled by the amount or quality of the food ingested by the larvae. The suggestion was confirmed by Crespi (1988) in the Nearctic species Hoplothrips karnyi (Hood) . Okajima (1987) on the other hand related growth patterns to the colony size, and Hood (1940) was able to produce either macropterous or micropterous specimens at will by manipulating environmental conditions. Winglessness, polymorphism and gregariousness are adaptions to increase the fecundity for fungus foraging thrips on dead wood (Ananthakrishnan 1984 , Crespi 1986 , and at optimal conditions almost all individuals are micropterous (Hood 1940) .
The extreme polymorphism of Hoplothrips adults (Okajima 1987 ) is probably the reason why identification literature (Priesner 1928 , 1964 , Morison 1949 , Stannard 1957 , Mound et al. 1976 , Dyadechko 1977 , Schliephake & Klimt 1979 , Mound & Walker 1986 , Kirk 1996 , Mound & Marullo 1996 gives no single key character to identify adults in the genus. Moreover, the keys are often based on colour shades or general body characters such as form of the head, body part "a little longer than" etc. and to a lesser extent on exact metric characters. Some of the older descriptions are based upon only one out of several forms, and large and small male forms of the same species have been placed into separate genera (Hood 1955 (Morison, 1949) , Hoplothrips semicaecus (Uzel, 1895), Hoplothrips ulmi (Fabricius, 1781) and Hoplothrips unicolor (Vuillet, 1914) . Only H. semicaecus seems to be rare in Norway (Kobro 2003 , Olsen & Solem 1982 (Kobro & Rafoss 2001) . The initial objective of this study was to find metric diagnostic characters by which adult specimens of Norwegian species assigned to the genus Hoplothrips could be recognised. We present and discuss a number of such characters to find the most appropriate to use in an identification key. We also discuss their life history as indicated by our study.
Material and methods
Bark from trunks or branches of dead trees with visible infestation of wood-rotting fungi were investigated for the presence of tubuliferous thrips.
Thrips were recorded from bark infested with Hymenochaete tabacina (Kobro 2003) , Pseudospiropes longipilus (Kobro & Solheim 2002) , Stereum spp. (Kobro 2003) , Trichaptum abietinum (Kobro 2001) and T. fuscoviolaceus (Kobro 2003) . Approximately 0.2-0.3 m² of bark containing basidiocarps was collected and deposited in Berlese funnels for about a week. Thrips were stored in AGA (70% ethanol + glycerol + acetic acid = 10 + 1 + 1). After storage the specimens were macerated in hot lactic acid or potassium hydroxide, cleared with clove oil and embedded in Canada balsam on glass slides. Most measurements were made at 500× magnification, and only fully extended specimens or body parts were measured.
When possible, 10 adults of each sex of both macropterous and micropterous specimens were selected from different populations and studied. Additionally, if available, a larger number of specimens from single populations of each species were examined. All specimens sampled from the same trunk (usually one sample) were regarded as belonging to the same population. Most specimens examined were collected in Norway. H. fungi, H. semicaecus and H. ulmi were supplemented with 38 specimens (mainly macropterous males, which are rare) borrowed from The Plant Protection Service, Wageningen, The Netherlands and The Natural History Museum, Senckenberg, Germany.
Selection of significant identification characters were based on sample means and standard confidence intervals (95%) calculated for all measured characters.
Results
We have measured or evaluated 53 commonly used characters on a total of 366 adults representing 8 species of Hoplothrips.
The selection of identification characters was based on comparison of confidence intervals calculated from the measurements of the characters measured ( Fig.1) .
Thirteen characters were chosen according to their utility, as indicated in figure 1, and used in an identification key for adults of Norwegian Hoplothrips species.
Other examples of the measurements are shown in tables 1-4. A more detailed analysis of the variation in the length of sense cones (multiporous olfactory chemoreceptors) on antennal segment III and the length of medioposteromarginal setae on tergite IX are shown in Figure  2 . Posterior prolongation of the fore femora of oedymerous males (Fig. 3) , the apices of medioposteromarginal setae on tergite VIII (Fig.  4) , and glandular areas on sternite VIII of male H. carpathicus ( Fig. 5 ) are shown.
Identification key to the Hoplothrips species recorded in Norway:
1. Mediolateral setae on pronotum shorter than 110 µm 2 Mediolateral setae on pronotum longer than 110 µm 6 2. Distance between the medioposteromarginal setae on tergite IX the same as or larger than the width of tubus. Anteroangular setae on the margin of pronotum
Hoplothrips unicolor
Distance between the medioposteromarginal setae on tergite IX shorter than the width of tubus. Anteroangular setae at the margin of pronotum 3 3. Almost always two large sense cones on antennal segment IV 4 Almost always more than two sense cones on antennal segment IV 5 4. Distance between bases of antennal segments I larger than 18 µm. 
Discussion
We present estimates and appraisals for metric characters for adults of 8 species of Hoplothrips from Norway, and insert these characters into an identification key. The size of Hoplothrips adults varies both between and within the species.
Females are larger than the males (Table 1 ) and the micropterous specimens are larger than the macropterous. Micropterous males vary in size and can be of the large oedymerous form or the smaller gynaecoid form (Hood 1940) . Thus, the small males of H. polysticti in our study were about half the size of the largest females of H. carpathicus (Table 1) . Morison (1949) considered identification to rely mainly on the females, as they are the vary less. Thus, for an entomologist with a single oedymerous male specimen, accurate identification is difficult.
The characters we studied can be separated in several groups. Most of the characters examined are positively correlated with body length in a general allometric pattern regardless of sex and morph. Some characters however, are not correlated to the body length. Despite males being smaller than females, a number of characters are larger in males. Such characters include the length of the pronotum, the fore tarsal tooth length and width, fore femur length and width and the most striking external male character which is the posterior prolongation of the fore femur (Fig. 3) . Variation in length of this prolongation in fore femur of three of the species is shown in table 3. These characters vary considerably within some species, as indicated by the high standard deviations and may be particularly important for defence of the oviposition site and females and is expressed most in oedymerous males of H. pedicularius (Crespi 1986 mediate in this respect. However, experimental evidence for the association between body size and defence is lacking for these species (Mound 2005) . The conspicuous characteristics of the oedymerous micropterous males make identification difficult and these characters are avoided in our identification key. The characters we have selected are typical for adult Hoplothrips species regardless of sex or morph.
The number of sense cones on antennal segment III and IV is commonly used for identification of tubuliferans (Schliephake & Klimt 1979 , Mound & Walker 1986 ). In our material of Hoplothrips this character is constant only in H. carpathicus and H. semicaecus. The number of sense cones is particularly variable in H. polysticti where antennal segment III can have 2-3 (rarely 1) and antennal segment IV 3-4 (rarely 2) sense cones. Relying too much on the number of sense cones therefore makes identification ineffective. The number of sense cones varies within Hoplothrips species in other parts of the world and also in species of Deplorothrips and Psiladothrips (Mound & Walker 1986) . Mound et al. (1976) and Kirk (1996) considered rounded apices of medioposteromarginal setae on tergite VIII as characteristic for H. pedicularius. This character was ambiguous for our material, as these setae can be very sharply pointed; where a thin tip can break and make the apex look rounded or more often open like a drinking straw (Fig. 4 ) but never expanded as in H. semiceacus .
Of the allometric characters examined, the length of mediolateral setae on the pronotum is the most useful in separating adults of Hoplothrips species into two distinct groups (Fig. 1) . In one group the three species H. corticis, H. fungi and H. ulmi are closely related ). The combined use of the length of the sense cones on antennal segment III and the length of medioposteromarginal setae on abdominal tergite IX to distinguish H. ulmi and H. fungi ) is verified by us (Fig. 2) . Based on this character, H. corticis is in the same group as H. ulmi, but these two species can be distinguished by the proportions of their heads: the head of H. corticis is broader than long, while that of H. ulmi is longer than broad (Table 4) . Adults of the 5 species in the other group can be discriminated by single characters. More than one character is given at several steps in the key even if one is conclusive, in case they will be needed if more species are added to the key in the future. Lewis (1973) used the term brachypterous for specimens with wings of reduced size. The small wings of the Hoplothrips species are so minute that they are easily overlooked, and micropterous (Hood 1940 , Mound 2005 , Mound & Marullo 1996 , Mound & Walker 1986 ) is a more appropriate term. In two species, H. semicaecus and H. unicolor, the wings are rudimentary (only 1-2 micrometers long), while in H. carpathicus we found a continuous transition between rudimentary wings and small wing pads. We refer to all these as micropterous.
Winglessness increases fecundity (Crespi 1986) , as producing wings only when necessary saves energy. In macropterous forms of Hoplothrips however, wings are produced but are often broken off at a characteristic position. Flimsy wing structures appear to be functional adaptations to the leaf litter habitats (Ananthakrishnan 1984) , are called caducous and are typical for the habitat (Hamilton 1978) . We have observed broken wings and a breakage zone distally to the subbasal setae in wings of macropters of all species studied here, most frequently in H. carpathicus, H. pedicularius and H. polysticti. Moritz (2002) suggested the wing breakage to result from copulation and to prevent further matings with other males. Dominant males defend a number of females at an oviposition site (Crespi 1986) , and the wing breakage might be another way to keep the females within the harem.
It is very difficult to identify adult female at genus level by using traditional criteria , Palmer & Mound 1978 , Ananthakrishnan 1984 . All macropterous specimens of Hoplothrips in our material have two sub-basal setae on the fore-wings in contrast to those of most other genera of Phlaeothripinae. The character is of limited value, however, as the micropterous form, in which the sub-basal setae can be absent or difficult to see, predominates. Males can be recognised at the genus level by the form of the glandular area on sternite VIII. Good figures are given in Mound et al. (1976) and Mound & Walker (1986) , except for H. carpathicus which is figured here (Fig. 5) .
Despite the fact that Hoplothrips species having been regarded as difficult to identify due to their morphological variation, several of the Norwegian species are easily distinguishable by "macroscopic" characters visible without preparation, given some experience and that they are collected on dead wood. H. corticis, H. fungi and H. ulmi superficially resemble Phlaeothrips annulipes O. M. Reuter, 1880 and are more difficult to identify, even if H. corticis can be recognised by its cheeks appearing more swollen behind the eyes and their tibiae are usually yellow. The 5 other species of Hoplothrips are different and relatively easy to recognise. Adults of H. carpathicus are large (Table 1) and one-coloured greyish-brown, and are rarely recorded unless bark is removed with an axe from large dead birches (Kobro & Solheim 2002) . Those of H. pedicularius are also large and mainly dark brown with a light yellow gore posterior on the abdomen, while micropterous specimens also have bright yellow forelegs and head. Adults of H. polysticti have about the same colour as H. carpathicus, but are much smaller (Table 3) , with the head often square. H. semicaecus adults have antennal segments VII and VIII broadly fused. The antennal segments are of contrasting colour: segments I-III are yellow, while the other segments are darker than the rest of the body. H. unicolor adults are small, light brown and with darker brown cross bands on the abdominal segments, which fade during preparation.
Norwegian Hoplothrips species live on fungi on larger branches or trunks of dead shrubs and trees, which appear scattered in time and space and are termed ephemeral habitats (Hanski 1987) . These trunks and branches persist for a long time and can support fungivorous thrips for several generations. We have observed such habitats to persist for years. One log of Norway spruce, Picea abies, was storm felled in 1992 and still supported reproduction of H. polysticti in 2002, when several females with broken wings were collected. In 1999 H. carpathicus was collected from a tall dead birch and the number of specimens developing that year was calculated to be 2700 (Kobro & Solheim 2002) . The tree had probably already been inhabited by thrips for several years. It still supported growth of thrips and at present there is no sign of an impending deterioration of that habitat. Sooner or later the habitat will be exhausted as a substrate for the fungus. Then the thrips have to disperse to other appropriate fungus infected dead wood. This is probably why these species occur in scattered local populations (Hanski & Simberloff 1997) . One could ask whether the variation in characters within a species is evenly distributed between the scattered local populations. To answer this question, specimens selected from several distant populations were compared with a number of specimens from one population. There was no striking difference indicated by averages and standard deviations as shown in the tables 1-3. However, the average length of the posterior prolongation of fore femur seemed to be larger when the measured specimens were selected from several populations of H. carpathicus and H. pedicularius (Table 5 ). This difference is most likely an artefact as the selection of specimens was not unbiased; it is easy to choose the larger ones. Hence, the values calculated from specimens from a single population better describe the species, underlining the importance of care when selecting characters for an identification key.
